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ganesunly (1x) > Andrographolides (7x) > Quercetin (12.5x) > Curcumin (13.5x) > Silymarin (18x) >
Tamoxifen (30x) > Beta-Carotene (36x) > Genistein (81x) > Lutein (85x) > Resveratrol (105x) > Chlorophyll

(1,250x) > Ol-Cryptoxanthin (9,000x) > Zeaxanthin (11,000x)
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Figure 3. Difference in NRF2 activation
between normal cells and NRF2-addicted
cancer cells. (A) Unstressed condition. The
intracellular NRF2 level is very low in normal cells.
In contrast, constitutive NRF2 activation in cancer
cells accelerates proliferation and metabolism. (B)

O iy Oxidative stress-exposed condition. In normal cells,
@7} the cellular NRF2 level is temporarily increased upon
exposure to toxic (often electrophilic) chemicals and
ROS. In contrast, constitutive NRF2 activation confers resistance on cancer
cells to anticancer drugs and radiation.
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Cell line Cancer types

Causes for NRF2
activation

A549 Adenocarcinoma KEAP1 G333C (homo) (47, 55)
KEAPT promoter methylation (50)

H838 KEAP1 443 frameshift (homo) (47)

H1395 KEAP1 G350S (hetero)

H1993

H1435 KEAP1 L413R (homo)

H460 Large cell KEAP1 D236H (homo)

carcinoma

KYSE70 Squamous cell NRF2 W24C (homo) (56)
KYSE110 | carcinoma NRF2 E82D (hetero)
KYSE180 NRF2 D77V (homo)
Caki-2 Clear cell p62 accumulation (57)

carcinoma KEAP1 silencing?
UMRC-2 p62 accumulation
SK-RC-20 Carcinoma p62 accumulation
UMRC-6 p62 accumulation
SLR21 KEAP1 silencing?
A498 n.d. (58)
AsPC-1 Adenocarcinoma n.d. (59)
Colo-357 n.d. (60)
Suit-2 KEAP1 silencing? (61)
DU145 Carcinoma KEAP1 promoter methylation (31)
JHH-5 Hepatocellular n.d. (62)
Huh1 AT Phosphorylated p62

accumulation

The number in the causes for NRF2 activation column indicates the position of the
mutated amino acid. Frameshift generates stop codon. homo, homozygous (2 mutant
alleles); hetero, heterozygous (1 mutant allele); n.d., not yet determined.
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NRF2-dependent metabolic reprogramming is required for tumor recurrence following
oncogene inhibition

Douglas B. Fox', Ryan Lupo’, Laura C. Noteware', Rachel Newcomb', Juan Liu', Jason W. Locasale’,
i ) ! *
Matthew D. Hirschey'**, and James V. Alvarez'

'Department of Pharmacology and Cancer Biology. Duke University, Durham, NC 27710, USA
Department of Medicine, Division of Endocrinology, Metabolism, & Nutrition, Duke University Medical Center,
Durham, NC 27710, USA

*Duke Molecular Physiology Institute and Sarah W. Stedman Nutrition and Metabolism Center, Durham, NC
27701, USA

In this study, we identify the antioxidant transcription factor NRF2 as a critical positive

regulator of breast cancer recurrence. We find that NRF2-dependent metabolic reprogramming is both sufficient

and required to promote tumor recurrence.
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Cancer Cell

NRF2 and the Hallmarks of Cancer

Montserrat Rojo de la Vega,' Eli Chapman,’ and Donna D. Zhang'-?"*

1Department of Pharmacology and Toxicology, College of Pharmacy. University of Arizona, Tucson, AZ 85721, USA
2University of Arizona Cancer Center, University of Arizona, Tucson, AZ 85721, USA

*Correspondence: dzhang@pharmacy.arizona.edu

https://doi.org/10.1016/j.ccell.2018.03.022

The transcription factor NRF2 is the master regulator of the cellular antioxidant response. Though recognized
originally as a target of chemopreventive compounds that help prevent cancer and other maladies, accumu-

lating evidence has established the NRF2 pathway as a driver of cancer progression, metastasis, and
resistance to therapy.

o A

A A ~ Y1 ' = ] = 9 J [ A !
mwuwiuﬂ 2018: LL?J’NGlu"If’J\‘lLLiﬂ"IJ’E)\TﬂTiﬁﬂE1 NRF2 wmnﬂumimwm&ﬂﬂﬂmmaaimmmm‘vmm:]

9
ud? sansRedueyyaddsy uaNaNsANEITIUIULIN U IHEIRg T 1831 M5B NRF2

v
o % =

a3 v W té a a A 9 I~} <3 [ Y I~ tgl 1 o
Lﬂu@jﬂlﬂlﬂa@uﬂ'ﬁﬁ]ﬁﬂlulﬂﬂiﬁ AVUUUT ANATNUBDINSLIN me‘ﬂumiﬂmﬂtlm1ﬂﬂﬂ11ﬁh$£idﬂ@ﬂﬂﬂ1iiﬂm

v




Hindawi Publishing Corporation
Oxidative Medicine and Cellular Longevity
Volume 2016, Article ID 7857186, 17 pages
http://dx.doi.org/10.1155/2016/7857186

Review Article

Sulforaphane and Other Nutrigenomic Nrf2 Activators:
Can the Clinician’s Expectation Be Matched by the Reality?

Christine A. Houghton, Robert G. Fassett, and Jeff S. Coombes
School of Human Movement and Nutrition Science, The University of Queensland, Brisbane, Australia
Correspondence should be addressed to Jeff S. Coombes; jcoombes@uq.edu.au

Received 13 October 2015; Accepted 6 December 2015

The aim of this review is to describe the
properties of nutrigenomic activators of transcription factor Nrf2 (nuclear factor erythroid 2-related factor 2), comparing the
potential for sulforaphane and other phytochemicals to demonstrate clinical efficacy as complementary medicines. Broccoli-derived
sulforaphane emerges as a phytochemical with this capability, with oral doses capable of favourably modifying genes associated
with chemoprevention. Compared with widely used phytochemical-based supplements like curcumin, silymarin, and resveratrol,
sulforaphane more potently activates Nrf2 to induce the expression of a battery of cytoprotective genes.
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NRF2 addiction in cancer cells

Hiroshi Kitamura | Hozumi Motohashi

Department of Gene Expression Regulation,
Institute of Development, Aging and
Cancer, Tohoku University, Sendai, Japan




Although transient NRF2 activation in response to stress is beneficial for health, persistent NRF2
activation in cancer cells has deleterious effects on cancer-bearing hosts by conferring
therapeutic resistance and aggressive tumorigenic activity on cancer cells. Because NRF2
increases the antioxidant and detoxification capability of cancer cells, persistently high levels of
NRF2 activity enhance therapeutic resistance of cancer cells. NRF2 also drives metabolic
reprogramming to establish cellular metabolic processes that are advantageous for cell
proliferation in cooperation with other oncogenic pathways. As a result of these advantages,
cancer cells with persistent activation of NRF2 often develop “"NRF2 addiction” and show
malignant phenotypes leading to poor prognoses in cancer patients. Inhibition of NRF2 is a
promising therapeutic approach for NRF2-addicted cancers and NRF2 inhibitors are being actively
developed.
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Dual roles and therapeutic potential of '!)
Keap1-Nrf2 pathway in pancreatic cancer:a
systematic review

Jiang-Jiang Qin'*'@®, Xiang-Dong Cheng’, Jia Zhang® and Wei-Dong Zhang**"

During the early stage of pancreatic carcinogenesis, Nrf2 exerts a tumor-suppressive
role by binding to antioxidant response elements (AREs) and activating its
downstream target genes that regulate the cellular antioxidant/detoxification response
and immune surveillance [11-13]. However, in the PC progression and metastasis
phases, Keapl mutation and silencing are frequently observed and cause the aberrant
stabilization of Nrf2 [9]. Consequently, Nrf2 is constitutively activated and promotes
PC growth, metastasis, and chemoresistance by regulating the downstream genes that
are involved in proliferation, cell cycle progression, apoptosis, ferroptosis, senescence,
autophagy, stem cell self-renewal, angiogenesis, metastasis, drug resistance, and
metabolic reprogramming.
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